A virus preparation, obtained from the mycelium of Penicillium chrysogenum, strain QI76 , was purified by isopycnic centrifugation on linear gradients of potassium tartrate. Double-stranded RNA, prepared from the virus particles, revealed three components on electrophoresis on polyacrylamide gels.
INTRODUCTION
In recent years it has been shown that the active principle of Statolon, an antivirus agent isolated from Penicillium stoloniferum (Kleinschmidt & Probst, I962 ) is double-stranded RNA of virus origin (Banks et al. 1968, Kleinschmidt et al. I968 ) . Both virus particles and derived RNA were found to exert their antivirus effect by inducing interferon production in the host animal. The active component of another fungal antivirus agent, Helenine, obtained from Penicilliumfuniculosum, was also shown to be double-stranded RNA (Lampson et al. I967) , and considered to arise from a hypothetical virus infection. Later virus particles were detected in a different strain of P. funiculosum and a crude virus preparation was found to induce interferon production in mice (Banks et al. I968) . Viruses have also been isolated from Penicillium cyaneo-fulvum (Banks et al. I969b) and Aspergillus foetidus (Banks et al. I97O) and in each case both virus particles and derived double-stranded RNA were potent stimulators of interferon production in animals.
Following reports of the isolation of antivirus and interferon-stimulating agents from Penicillium chrysogenum (Belgian Patent, I968; D. E. Van Dijk et al. personal communication) we found virus particles in seven penicillin-producing strains of this fungus (Banks et al. I969a) . We now report the isolation and purification of the P. chrysogenum QI76 virus, show that RNA extracted from the virus particles is double-stranded, and compare the production of interferon in mice induced by intact virus particles and extracted RNA.
METHODS
Preparation and Purification of virus. Penicillium chrysogenum strain Q 176 was grown in 6o 1. stainless steel fermenters using the medium and conditions described previously (Banks et al. I969a) . A crude virus preparation, obtained from the mycelium, as described for the P. cyaneo-fulvum virus (Banks et al. 1969 b) , was further purified by isopyknic centri- virus which formed at a density of 1.27 g./ml, was collected and dialysed against 0"o3 Msodium phosphate buffer, pH 7"6, until free from tartrate.
Analytical centrifugation. Sedimentation coefficients were measured using a Beckman
Model E analytical ultracentrifuge equipped with an ultraviolet scanner. A 2 ° aluminiumfilled Epon double sector centrepiece was used in the AN-H rotor at I6,OOO rev./min, for virus preparations and at 40,000 rev./min, for RNA preparations.
Sucrose density gradient centrifugation. Virus preparation (I ml.), containing less than I mg. of protein, was layered on a IO to 50% w/v linear gradient of sucrose in 0"o3 Msodium phosphate buffer, pH 7"6, and centrifuged for 3 hr at 24,ooo rev./min, in rotor SW25 of a Beckman L2 ultracentrifuge. Gradients were scanned at 265 nm. using an ISCO density gradient analyser.
Preparation of antisera and gel diffusion analysis. These were as described by Banks et al.
Preparation of virus RNA. This was by the phenol + sodium dodecyl sulphate method, essentially as described by Franklin 0966).
Polyacrylamide gel electrophoresis. 4% polyacrylamide gels containing 0"04% bisacrylamide were prepared in glass tubes, 4 mm. internal diameter, essentially as described by Bishop, Claybrook & Spiegelman (i967 o'oi5 M-Na citrate, pH 7"0; 12oo #g./ml.) was diluted from 0"5 ml. to 25 ml. with SSC and the extinction at 26o nm. was measured. From the same stock solution of RNA 0"5 ml. was mixed with 0"5 ml. of 0"5 M-sodium hydroxide; the mixture was incubated at 37 ° for 18 hr and then diluted to 25 ml. with water. The optical density at 260 rim. was measured and the extinction coefficient of the virus RNA was calculated from the published extinction coefficients of the four nucleotide products (Dunn & Hall, I968 ) and the measured nucleotide composition of the virus RNA.
Base ratio analysis of virus RNA. This was as by Knight (I963).
Determination of RNA content of virus and RNA preparations. The RNA content of virus preparations was determined by phosphorus estimation (Bartlett, I959) in conjunction with the measured base composition of the RNA. Concentrations of virus RNA preparations were determined spectrophotometrically using the measured extinction coefficient.
Acid hydrolysis of virus RNA.
Virus RNA preparations were hydrolysed with N-hydrochloric acid and the products were separated chromatographically (Smith & Markham, I95o) .
Thermal denaturation. The increase in optical density at 260 nm. of virus RNA preparations was measured using the heated cell compartment of a Beckman DK spectrophotometer. Thermal transition mid-points (Tm) were calculated as described by Marmur & Doty (I 962).
lsopycnic centrifugation of virus RNA. Virus RNA (0"2 ml. of 15 #g./ml.) in SSC was mixed with a solution of caesium sulphate (9 ml., density 1"8 g./ml.) and SSC (8 ml. at Io × concentration) and the density adjusted to I-6o g./ml, by addition of SSC. Samples of 2"5 ml. of this solution were overlaid with 2"5 ml. of liquid paraffin and centrifuged at 35,ooo rev./min, in a Beckman SW39L rotor for 6o hr at 4 °. The bottom of the tubes was pierced and 5 ° fractions of 5 drops each were collected using a Buchler density-gradient
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fractionater. The optical density and refractive index of each fraction was determined. Densities were estimated from refractive indices (Hearst & Vinograd, 196I ) . Action of ribonuclease on virus RNA. A solution of I ml. of virus RNA (2o #g./ml.) in SSC or o.I SSC was mixed with Io/~1. of a solution of Boehringer pancreatic ribonuclease (2o #g./ml.) in SSC or o.x SSC and the optical density at 26o nm. was measured as a function of time at 23 ° .
Action ofdeoxyribonuclease on virus RNA. Virus RNA was incubated with Worthington deoxyribonuclease (ribonuclease-free) as described by Wood & Streissle (~97o). The optical density at a6onm, was measured as a function of time. After 2 hr the incubation mixture was examined by polyacrylamide gel electrophoresis.
Interferon induction. Interferon was induced in 18 g. (_+ I g.) mice by intravenous or intraperitoneal injection.
Interferon assays. These were made on pooled mouse sera by the dye uptake method (Finter, I969) and 5o% end-points were determined by probit analysis (Lindenmann & Gifford, I963) .
Protein determination. The protein content of virus RNA preparations was estimated using the method of Lowry et al. (I95I) .
RESULTS

Isolation and purification of virus particles
Virus preparations, obtained from the mycelium of Penicillium chrysogenum, were purified by isopyknic centrifugation on linear gradients, of potassium tartrate. This virus was unstable on the caesium chloride gradients used for purifying the viruses from P. cyaneofulvum (Banks et al. I969b) and Aspergillusfoetidus (Banks et al. I97o ) . The yield of purified virus from a 6o 1. fermentation was approximately 45o mg. Preparations contained polyhedral virus particles approximately 35 nm. in diameter when examined by electron microscopy, as previously described (Banks et al. I969b) and had an ultraviolet spectrum typical of nucleoprotein with minimum at 244 nm. and maximum at 260 nm.
The purity of virus preparations was shown by the following criteria: (a)in isopyknic centrifugation on linear gradients of potassium tartrate a single band of density I.z7 g./ml. was obtained; (b) in velocity centrifugation on linear gradients of Io to 5 ° % (w/v) sucrose a single band was formed; (c)in velocity centrifugation in o'o3 N-phosphate buffer, pH 7"6, containing o.I M-potassium chloride a single boundary was obtained with S~°0 = I5o s; (d) in electrophoresis on 4 % polyacrylamide gels a single band was observed when the gels were stained with either amido black (Smith, I968) or acridine orange (Richards, Coll& Gratzer, I965) ; (e) in gel diffusion tests against rabbitantiserum to purified virus preparations only a single preeipitin line was obtained. There was no cross-reaction when virus preparations were tested against antisera to viruses obtained from P. stolon!ferum, P. funiculosum, P. cyaneo-fulvum or A. foetidus, or when antiserum to the P. chrysogenum virus was tested against virus preparations from the four fungi named above.
Properties of virus RNA.
Virus preparations were readily disrupted with 1% sodium dodecyl sulphate, and RNA, with less than 1% protein, could be obtained in yields of 70 to 8o % by phenol extraction. Although a single boundary (S~0 = I3 s in SSC) was observed when virus RNA preparations were centrifuged (zoo,ooo g), three clear bands of closely similar mobility were obtained when preparations were subjected to electrophoresis in 4 % polyacrylamide gels.
The virus nucleic acid had a typical ultraviolet absorption spectrum with A maximum at (a) it was readily hydrolysed by dilute alkali to form, in 99 % yield, a mixture of GMP, CMP, AMP and UMP, which were characterized by their electrophoretic mobilities and ultraviolet spectra; (b) it was readily hydrolysed by dilute acid to form in high yield a mixture of guanine, adenine, CMP and UMP, which were characterized by their chromatographic mobilities and ultraviolet spectra; (c) it was readily hydrolysed, at low ionic strength, by pancreatic ribonuclease, but was unaffected by deoxyribonuclease; (d) on isopycnic centrifugation in self-generating gradients of caesium sulphate it formed an asymmetric band of density approximately 1.6o g./ml. (Fig. I) , a value in the range for RNA, but not for DNA. • O, in o.I SSC; V--V, in SSC.
The virus RNA was shown to be double-stranded as follows: (1) Its melting curves in SSC (Tm lO3 °) and o.i SSC (Tm 88 °, Fig. 2 ) and behaviour on treatment with ribonuclease in SSC and o.I SSC (Fig. 3, Table I ) were very similar to those described for the doublestranded RNAs from the P. cyaneo-fulvum virus (Banks et al. I969b ) and the A.foetidus virus (Banks et al. I97o) . (2) The base ratio analysis (Table 2) showed approximately equimolar amounts of G and C, and A and U, and was consistent with, although not proof of, a predominantly double-stranded structure.
Induction of interferon by P. chrysogenum virus and virus RNA
Both the virus and virus RNA were good inducers of interferon in mice. Comparative activities of serum interferon 18 hr after an intraperitoneal injection of virus or virus RNA in mice are given in Table I . To obtain a further comparison of the interferon-inducing capacities of the virus and virus RNA the levels of serum interferon were measured as a function of time after intravenous injection of equivalent amounts of RNA as virus particles or as virus RNA. The free virus RNA induced an earlier peak activity of serum interferon (Fig. 4) than did the virus particles. Of greater contrast was the fourfold higher maximum activity, induced by the free RNA. Both interferon activities then declined exponentially at similar rates to reach very low levels at about 45 hr for the free RNA and at 39 hr for the particles. Fig. 4 . Kinetics of interferon production in the mouse in response to the intravenous injection at time zero of (a) 8o #g. double-stranded RNA, in o.z ml SSC, extracted from Penicillium chrysogenum virus particles (©--©), and (b) a o.2 ml. suspension in SSC of such particles containing the equivalent of 8o #g. virus double-stranded RNA (0 Q). Interferon assays for each point were made on pooled sera from 15 mice (18 g.). A standard serum was included for reference in each assay. Cox, Kanagalingam & Sutherland (197o) described the isolation and properties of two species of double-stranded RNA from the mycelium ofP. chrysogenum. The larger of these two species, with S°0. w = 12. 3 s, appears to have similar properties to the virus RNA described here; however, we could not detect the smaller species, with S°0,,~ = 7"3 s, in RNA isolated from purified virus preparations.
Double-stranded RNA of diverse origins have been shown to act as powerful inducers of interferon production in animals (Nemes et al. 1969) . It is probable that interferon induction by both P. chrysogenum virus and isolated RNA is due to double-stranded RNA. The slower action of the virus particles in stimulating interferon production is probably a reflexion of the slow release of RNA from the virus particles. More surprising is the lower yield of interferon induced by virus than by an equivalent amount of virus RNA. A possible explanation is that different cells are stimulated in the two cases. Spleen and liver cells of the reticulo-endothelial system (Kono & Ho, 1965) , circulating lymphocytes (Jullien & De Maeyer, I966; personal communication) , and non-phagocytic mononuclear leucocytes (Lee & Ozere, 1965) , have been invoked in the production of circulating interferon by different inducers. These possibilities have not yet been distinguished but it is hoped to obtain further information by studying the fate of labelled P. chrysogenum virus and virus RNA after intravenous injection into mice.
Essentially similar results were obtained by Planterose et al. (197o) , who dosed mice intraperitoneally with double-stranded RNA, obtained from virus-like particles from P. stolon# ferum, and obtained a peak of serum interferon activity about 4 hr later. Lower levels of serum interferon were produced after intraperitoneal injection of the virus-like particles, containing an equivalent amount of double-stranded RNA; in this case, however, serum interferon levels were still rising 24 hr after injection. The difference between these results and those obtained with P. chrysogenum virus and virus RNA is probably due to a much slower release of virus RNA from the P. stoloniferum virus than from the P. chrysogenum virus. This could be due to the different routes of injection, intraperitoneal or intravenous, or to differences in stability of the two types of virus particle.
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